Internet and other sources of methods for the assessment of workplace air quality (Technical Report) Abstract: Methods for assessing occupational exposure to toxic chemicals have been developed semi-independently by a number of standards organizations and regulatory authorities in Europe and beyond. Few of these have been systematically reviewed against Comité Europeén de Normalisation (CEN) criteria for accuracy and reliability. Some of these methods have been complied into indexes, either in hard copy or on the Internet, but existing indices are incomplete. There is a clear need for the harmonization and validation of these methods and for a full compendium of available methods and their validation status, while avoiding duplication of essentially equivalent procedures. Many of the methods are accessible on the Internet, so that in such instances the compendium need not contain full details of the methods themselves but can provide links to the pertinent web sites.
INTRODUCTION
Impending legislation, particularly at the European level [1] , is likely to lead to an increasing need for simple and cost-effective methods for monitoring the concentrations of toxic chemicals in workplace air. Such monitoring is needed in order to assess the potential for worker exposure to toxic chemicals by comparing results with air quality standards. There is also a need for the harmonization of available monitoring methods, if comparable data are to be obtained in all European Member States, while acknowledging the availability of equivalent methods in many cases. CEN/TC137 (Workplace air quality), WG2 (performance requirements of methods) has therefore developed procedures for the establishment of valid methods [2] [3] [4] [5] , but to date, few methods which fully meet the CEN requirements have been published. Also at present, there are no Euronorms (EN) on specific workplace air quality measurement methods; this task is expected to be undertaken by the International Standards Organization (ISO).
As a first stage toward the provision of harmonized methods, this document provides a source inventory of European standard methods, with particular reference to methods available on the Internet. Similar considerations apply worldwide, and the IUPAC Commission on Atmospheric Chemistry (Commission VI.2) is actively encouraging the exchange of such information. In particular, the methods developed in the United States, particularly those of the National Institute for Occupational Safety and Health (NIOSH) [6] and the U.S. Occupational Safety and Health Administration (OSHA) [7, 8] , are in very wide use internationally and are included in this inventory of sources. 
SOURCES

Austria
Germany
Germany has four types of written methods:
• Methods published by the Workmen's Compensation Board, Berufsgenossenschaft, BG, in the ZH 1/120 series [12] . • Methods published by the German Research Association, Deutsche Forschungsgemeinschaft, DFG [13] ; some of these methods are also available in English translation [14] . The web site http://www.dfg.de is in German and English. Selecting Luftanaysen in the free-text search gives access to a list these methods. • Methods published by VDI-DIN [15] . The methods themselves are published as VDI guidelines. [15] is an index to these methods, available from VDI. The web site http://www.vdi.de is in German and English. Selecting ⇒ Commission on Air Pollution Prevention of VDI and DINStandards Committee ⇒ KRdL Publications gives an e-mail contact steen@vdi.de.
All VDI Guidelines can also be searched for within the electronic Beuth-Catalogue, which is available on http://www.beuth.de.
• Methods published by BIA (Berufsgenossenschaftliches Institute für Arbeitssicherheit) [16] . The web site http://www.hvbg.de/bia is in German and English. Selecting ⇒ Publications ⇒ Publications Database (in German only) and searching for the book title gives a short summary (Kurzfassung). The original is a useful compendium of some hundreds of methods (in summary). 
Switzerland
Since Switzerland is a multilingual country, there is no publication of national methods as found in other countries. Analytical methods used for air quality measurements refer to corresponding methods used at INRS, NIOSH, OSHA, DFG, BG, HSE, etc. In addition, laboratories and institutes in Switzerland develop and evaluate their own methods for the assessment of exposure.
United Kingdom
Methods from the British Standards institute are accessible to subscribers through http://www.bsi.org.uk ⇒ standards on line.
Methods are published by the Health and Safety Laboratory, Health and Safety Executive, Sheffield, in the MDHS series. Currently nearly 100 methods have been produced. MDHS methods are available from HSE Books, Sudbury. The web site is http://www.hsl.gov.uk. Selecting ⇒ information sources ⇒ HSE Books ⇒ Bookfinder catalogue ⇒ Search Bookfinder and selecting from Series list MDHS will give current titles.
United States of America
The United States has five types of written methods:
• Methods in the National Institute for Occupational Safety and Health (NIOSH) Manual of Analytical Methods (NMAM) [6] . These methods are available in downloadable files from the Internet at http://www.cdc.gov/niosh/nmampub.html which also gives information on obtaining the full printed version. The NIOSH site also links to MSHA, EPA, ASTM, and ISO (see below). • Methods developed by the Occupational Safety and Health Administration (OSHA) Analytical Methods Manual [7] . OSHA also has a list of partially validated methods, in the IMIS series [8] , which is available in paper form or CD-ROM. Both sets of methods can be accessed on the Internet at http://www.osha-slc.gov/SLTC/index.html. 
International Standards Organisation
Internationally agreed standards (which do not necessarily conform to the CEN/TC137 performance requirements, but generally include precision data according to ISO 5725) and published by the International Standards Organisation, Casa postale 56, CH-1211 Genève, Suisse. Many of these methods are translated into National Standards. The web site is http://www.iso.ch. Selecting ⇒ ISO catalogue ⇒ international standards (HTML) ⇒ ICS field 13 ⇒ ICS field 13.040.30 leads to workplace air quality standards.
INDICES/COMPENDIA OF SOURCES
Leichnitz: Gefahrstoff-Analytik
Leichnitz has published a source list [19] , also available on CD-ROM (1999 edition, ISBN 3-609-48431-4) which includes method numbers, but no indication of the type of sampling and analysis for each method. Sources covered include BG, DFG, VDI-DIN, ISO, HSE/MDHS, NIOSH, OSHA, IC and EPA. The list also includes substance formulae, CAS Registry Number, and some physicochemical data.
Levin: Arbete och Hälsa
Levin has published a source list [20] , in Swedish, which includes method numbers and brief details of the type of sampling and analysis for each method. Sources covered include Metodserien, NIOSH, OSHA, and published literature references (mostly but not exclusively from the Institute). The list also includes CAS numbers.
NMI: Dohsbase NMI has a database for workplace air quality methods including EN > NEN (including ISO), > OSHA, NIOSH, BIA > others (e.g., published literature references). [">" indicates a hierarchy, chosen to avoid duplication of essentially similar methods.] The information given for each method includes details of the sampling and analytical procedure, including recommended sampling media, analytical method, sampling flow rates, sample size, desorption parameters, storage and transportation conditions, precision and detection limit. The database is currently only for internal NMI use.
HSE: EH40 database
HSE has a database for workplace air quality methods including ISO > MDHS > OSHA, NIOSH, DFG > others (e.g., published literature references). [">" indicates a hierarchy, chosen to avoid duplication of essentially similar methods.] The information given for each method includes details of the sampling and analytical procedure, including recommended sampling media, analytical method, sampling flow rates, sample size, and desorption parameters. Uptake rates are given for diffusive sampling procedures.
Where available, data is given on whether methods meet the CEN criteria [2] . The database was publicly available on diskette up to the 1995 edition, but is currently only for internal HSE use.
CONCLUSIONS
It is clear that there are many sources of methods for monitoring the concentrations of toxic chemicals in workplace air. Many of these duplicate methods are published elsewhere, but collectively they provide a useful guide to the occupational hygienist wishing to undertake workplace air quality monitoring.
It is less clear how many of the methods have been validated to CEN requirements, as this is often not stated. However, as an interim measure EN 482 allows already published partially validated methods to be counted as valid.
Accessing these methods is made simpler by using the compendia or databases of methods. Such compendia contain varying amounts of detail and usually do not reproduce the methods themselves in detail. Of the known compendia, the source materials are similar, so that it would seem reasonable to combine them in some way to avoid duplication of effort.
Increasingly, the methods are being placed on the Internet. In such cases, it would not be necessary to include a full description of the methods in the compendia, but only a web site address. If the compendium was itself on the Internet, than a method could be called up via a hot-link to the source URL. 
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